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inhibition	of	 aggression	among	 look-	alike	wasps,	 based	on	 their	 social	 organization	
and	high	abundance.	We	argue	that	wasp	species	resembling	each	other	need	not	only	







other	 predators	 that	 have	 to	 learn	 to	 avoid	 them.	Different	 pressures	 by	 guilds	 of	
these	two	types	of	selective	agents	could	explain	the	widely	differing	fidelity	with	re-
spect	to	the	models	in	assemblages	of	yellow	jackets	and	yellow	jacket	look-	alikes.
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1  | “WASP MIMICRY”
With	 their	 conspicuous	 yellow-	black	 striped	 abdomens,	 worker	
wasps	 of,	 for	 example,	 Vespula	 and	 Dolichovespula	 (yellow	 jackets	
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but	the	most	specialized	predators.	Many	co-	occurring,	well-	defended	
species	 of	wasps	 closely	 resemble	 one	 another,	 and	 the	 respective	
species	 are	 considered	 to	 gain	 from	 mutualistic	 Müllerian	 mimicry	
(Archer,	2012;	Müller,	1878;	Richards,	1978).

















frogs,	 caterpillars,	 even	 “high-	visibility	 jackets”	 worn	 by	 emergency	
service	 personnel)	 and,	 of	 course,	 not	 only	 associated	 with	 yellow	
jacket	wasps.
2  | DIVERSE FIDELITY OF SIMULATED 
FEATURES POSES QUESTIONS
A	 recently	much	 debated	 problem	 is	 the	 occurrence	 of	 “imperfect”	 
(=	 “inaccurate”)	 mimicry	 (e.g.,	 Edmunds,	 2000;	 Gilbert,	 2005;	




ties	or	 features	 (e.g.,	 pheromones:	 Stowe,	1988;	Dettner	&	Liepert,	
1994),	 in	 others	 fidelity	 between	models	 and	mimics	 varies	widely.	
Several	hypotheses	have	been	proposed	to	explain	variation	in	fidel-
ity	of	mimics	(see	Kikuchi	&	Pfennig,	2013;	Pfennig	&	Kikuchi,	2012).
The	 greatest	 diversity	 in	 fidelity	 probably	 occurs	 in	 the	 context	
of	 “wasp	mimicry”.	Stimulated	by	 looking	at	wasp	mimics	 in	 tropical	
communities	 and	wondering	 in	 particular	 about	 the	 high	 degree	 of	
resemblance	between	particular	Vespidae	and	certain	arctiine	moths	
(Lepidoptera;	 e.g.,	 Figures	2–4),	we	 started	 to	 doubt	 that	Müllerian	
and	Batesian	mimicry	fully	explain	the	world-	wide	syndrome	of	“wasp	
mimicry”.	We	asked	specifically:	What selecting agent could drive highly 
accurate resemblance when inaccurate resemblance otherwise seems to 
suffice?
Considering	 not	 the	 effects	 of	 adaptive	 resemblance	 (always	 an	
advantage	for	mimics)	but	rather	the	fidelity	of	the	resemblance	brings	
first	the	sensory	abilities	of	the	selecting	agent(s)	into	focus,	and	then	
the	 evolutionary	 context	 in	which	 they	 respond	 to	 an	 environmen-
tal	 stimulus	 as	 the	 main	 driving	 force	 in	 the	 evolution	 of	 adaptive	
resemblance.	As	Chittka	and	Osorio	 (2007)	point	out,	 the	“cognitive	
dimensions	of	predator	 responses”	 are	 crucial—but	we	first	need	 to	
establish	which	are	the	predators.	In	other	words:	Who are the selecting 
agents, the drivers?
3  | WHO ARE SELECTING AGENTS FOR 
WASP RESEMBLANCE?
So	 far,	 detailed	 studies	 on,	 for	 example,	 (co-	)occurrence	 of	 wasps	









1. Yellow	 jackets	 are	 insect	 predators	 (and	 scavengers)	 that	 feed	








4  | AN ADDITIONAL INTERPRETATION OF 
WASP MIMICRY











tebrate	 predators—and	 potentially	without	 their	 involvement.	 As	 in	
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from	other	 conspecific	wasp	nests,	 or	 belonging	 to	other	 predatory	
wasp	species,	have	a	mutual	advantage	if	they	share	the	same	yellow	
jacket	appearance;	 it	 is	of	advantage	for	all	participating	 individuals.	
In	 this	way,	 the	close	 resemblance	of	different	 species	of	predatory	
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6  | MIMETIC FIDELITY—WASPS PLUS 
LEARNING VERTEBRATES AS DRIVERS
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The	 compromise	hypothesis	 for	 inaccurate	mimicry	 (Pekár	 et	al.,	
2011)	is	also	relevant	here,	insofar	as	a	guild	of	vertebrate	predators	







as	 in	Gestalt	 perception	 (Wagemans	et	al.,	 2012),	 or	 do	 they	evalu-
ate	 (and,	 perhaps	 summate)	 certain	 specific	 features	 (such	 as	 color,	
pattern,	 shape,	 sound,	 smell)?	 Feature-integration	 theory	 (Treisman	
&	 Gelade,	 1980)	 could	 offer	 an	 instructive	 alternative	 approach	 to	
Gestalt	and	appears	relevant	to	the	categorization	hypotheses	(Chittka	
&	Osorio,	2007;	Easley	&	Hassall,	2014).	There	is	some	evidence	that	
dragonflies	 avoid	 wasps	 and	 wasp-like	 flies	 based	 on	 yellow-	black	
stripes	and,	perhaps,	 shape	 (Kauppinnen	&	Mappes,	2003),	but	 size	
also	seems	significant	(Rashed,	Beatty,	Forbes,	&	Sherratt,	2005),	for	
dragonflies	at	least.
While	 detailed	 research	 on	 social	 recognition	 in	wasps	 (Cervo,	
Cini,	 &	 Turillazzi,	 2015)	 demonstrates	 remarkable	 visual	 discrimi-
natory	 abilities,	 cues	 used	 by	wasps	 in	 the	 context	 of	 hunting	 and	





however,	 it	 is	 known	 that,	 at	 least	 in	 some	 species,	 the	 presence	
of	 conspecifics	visually	 signals	 a	 food	 source	 (“local	 enhancement”,	
“social	 facilitation”:	 Parrish	 &	 Fowler,	 1983;	 Fowler,	 1992;	 Reid,	
MacDonald,	 &	 Ross,	 1995;	 Slaa	 &	 Hughes,	 2009;	 Pereira,	 Pirk,	 &	
Corley,	2016).	Recognizing	look-	alikes	relates	to	either	avoidance	or	
attraction,	 context-	dependent	during	hunting	 and	 in	 the	vicinity	of	
a	 food	source,	 respectively,	 thus―relevant	 to	our	hypothesis―look-	
alikes	are	dismissed	as	potential	prey.
If	some	vertebrates	discriminate	between	profitable	and	unprof-
itable	 insects	 based	 on	 one	 or	 very	 few	 particular	 features	 (e.g.,	
color,	pattern,	 size	or	 shape	alone),	 and	 if	particular	members	of	a	
guild	 of	 insectivores	 dominate	 insect	 predation	 in	 particular	 habi-
tats,	 this	 could	 lead	 to	 a	 variety	 of	 habitat-	specific	 mimics.	 From	
our	 ‘intellectualized’	 evaluation	 of	 fidelity	 through	 examination	 of	
de-	contextualized	 corpses	 (which	 is	 what	 we	 do	 in	 museums,	 or	











Although	we	have	no	 reason	 to	doubt	 the	existence	of	 typical	








ators	 (Figure	1b	 vs.	 1a).	 However,	 it	 seems	 likely	 that	 (2)	 general,	
visually	 oriented	 predators	 such	 as	 birds	 are	 additional	 selecting	
agents	shaping	similarity	of	other	 insects	 to	wasps.	Thus,	 in	 “wasp	
mimicry”	two sorts	of	selecting	agents	(with	different	life-	styles)	are	
plausibly	 acting.	Then,	 the	 relative	 abundance	 of	 predatory	wasps	
(individuals	and	species)	that	recognize	look-	alikes	as	non-food	ver-
sus	various	 predators	 that	 learn	 through	 experience	 could	 explain	
the	accuracy	and	non-accuracy	of	potentially	profitable	mimics.	We	
would	observe	combinations	of	 innate	protective	masquerade	and	
learned	 Batesian	 and	 Müllerian	 mimicry,	 and	 recognize	 different	
sorts	of	selecting	agents,	namely	those	which	respond	innately	and	



















nately	does	not	attack	 ‘that	which	 looks	 like	myself’	 is	 the	study	of	
communities	of	models	and	mimics	in	tropical	habitats.	Superficially,	
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several	 species	 and	 genera	 of	 day-	active	 arctiine	 moths	 (“wasp-	
moths”;	Lepidoptera:	Erebidae:	Arctiinae)	very	accurately	resembling	





Schrottky,	 1909),	 involving	 extensive	morphological	 re-organization	
(Weller,	Simmons,	Boada,	&	Conner,	2000).	In	parallel,	there	are	flies	
(Diptera)	exhibiting	similarly	accurate	resemblance	to	the	wasps.	We	
found	 yellow	 jacket	wasps	 (naturally	 and	 experimentally)	 predating	





























insects	 appears,	 it	 is	 yet	more	 complex:	 several,	 if	 not	 all,	 arctiines	
which	 accurately	 simulate	 Vespidae	 (e.g.,	 Pseudosphex laticincta, 




more	 or	 less	 unpalatable	 (details	will	 be	 published	 elsewhere;	 for	 a	
general	 overview	 on	 PAs	 and	 pharmacophagy	 see	 Boppré,	 2011).	
Also,	some	wasp-	moths	as	larvae	seem	to	sequester	defensive	chemi-
cals	 from	hostplants	 (Boppré,	 unpubl.).	While	 this	 news	 is	 very	 rel-
evant	for	the	classical	interpretation	of	arctiine	resemblance	to	wasps	
as	 it	affects	 important	questions,	 for	example,	on	the	 (in)equality	of	
defense	 in	 mimicry	 (Müllerian,	 Batesian	 or	 quasi-	Batesian	 mimicry)	
(Simmons	&	Weller,	2002),	it	does	not	change	in	principle	the	hypoth-
esis	discussed	above.
9  | MANY QUESTIONS REMAIN










taxonomy;	 thus,	 it	 is	a	time-	consuming	challenge.	The	subject	dem-
onstrates	nicely	today’s	continuing	relevance	of	natural	history	stud-
ies	 (see	Ricklefs,	2012).	As	clearly	pointed	out	by	Bates	 (1862:507),	
Schrottky	 (1909)	 as	 well	 as	 Kaye	 (1913)	 already	more	 than	 a	 cen-
tury	 ago,	 the	 striking	 resemblance	 between	 wasps	 and	 their	 mim-


























semblance	 there	 is	great	fidelity	 in	 simulated	 features	when	 the	se-
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